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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent an electric 
short-circuit of a conductive layer connected to a 
magnetoresistance element and a shield layer. 
SOLUTION: A thin film magnetic head is provided 
with a reproducing head and a recording head. The 
reproducing head is provided with a GMR element 5, 
a lower shield layer 3 and an upper shield layer 8 for 
shielding the GMR element 5, the conductive layer 6 
connected to the GMR element 5 and shield gap films 
4a, 4b, 7a and 7b formed between the shield layers 3 
and 8. Plural layers 5a-5c for constituting the GMR 
element 5 are formed on the shield gap layer 4a, a 
part of the thickness direction of the plural layers 5a- 
5c is etched by reactive ion etching, the remaining 

part is etched by ion milling and the GMR element 5 is formed. The shield gap film 4b is 
formed around the GMR element 5 on the shield gap film 4a. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st for shielding said magnetic resistance element and the 2nd shielding layer which 
have been arranged so that the part by the side of a magnetic resistance element and the medium 
opposed face which counters a record medium may covmter on both sides of said magnetic resistance 
element. The conductive layer connected to said magnetic resistance element, and the 1st insulating 
layer prepared between said magnetic resistance element, and said conductive layer and said 1st 
shielding layer, The 2nd insulating layer arranged between said 1st insulating layer and said 
conductive layers in the perimeter of said magnetic resistance element, The process which is the 
manufacture approach of the thin film magnetic head equipped with the 3rd insulating layer prepared 
between said magnetic resistance element, and said conductive layer and said 2nd shielding layer, 
and forms said 1st shielding layer. The process which forms said 1st insulating layer on said 1st 
shielding layer, and the process which forms the film for magnetic resistance elements used as said 
magnetic resistance element on said 1st insulating layer. The process which etches said film for 
magnetic resistance elements selectively, and forms said magnetic resistance element. The process 
which forms said 2nd insulating layer on said 1st insulating layer, and the process which forms said 
conductive layer on said 2nd insulating layer. The process which forms said 3rd insulating layer on 
said magnetic resistance element, the 2nd insulating layer, and a conductive layer. The process 
which forms said magnetic resistance element including the process which forms said 2nd shielding 
layer on said 3rd insulating layer The 1st etching process which etches a part of thickness direction 
of the parts which should etch said fihn for magnetic resistance elements using the 1st dry etching 
containing a chemical etching element and a physical etching element. The manufacture approach of 
the thin film magnetic head characterized by including the 2nd etching process which etches the 
remaining part of the parts which should etch said film for magnetic resistance elements using the 
2nd dry etching with the larger ratio of physical etching than said 1st dry etching, 
[Claim 2] Said 1st dry etching is the manufacture approach of the thin film magnetic head according 
to claim 1 characterized by being reactive ion etching. 

[Claim 3] Said 2nd dry etching is the manufacture approach of the thin film magnetic head according 
to claim 1 or 2 characterized by being ion milling. 

[Claim 4] Said magnetic resistance element is the manufacture approach of the thin film magnetic 
head according to claim 1 to 3 characterized by consisting of two or more layers. 
[Claim 5] Furthermore, it sets after formation of said 2nd insulating layer in some layers of the 
upside of two or more layers of said magnetic resistance element. The process which etches the part 
of a crosswise outside to the part which specifies the width of recording track. Around the part 
etched after this etching, and said magnetic resistance element The process which forms said 
conductive layer is the manufacture approach of the thin film magnetic head according to claim 4 
characterized by forming a conductive layer on said antiferromagnetism layer including the process 
which forms the etched layer, the layer of the same ingredient, and an antiferromagnetism layer in 
order. 

[Claim 6] Said magnetic resistance element is the manufacture approach of the thin film magnetic 
head according to claim 1 to 3 characterized by being the spin bulb huge magnetic resistance element 
by which the free layer has been arranged at the upside. 

[Claim 7] Furthermore, it sets in the firee layer of said magnetic resistance element after formation of 
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said 2nd insulating layer. The process which etches the part of a crosswise outside to the part which 
specifies the width of recording track, Around the part etched after this etching, and said magnetic 
resistance element The process which forms said conductive layer is the manufacture approach of the 
thin film magnetic head according to claim 6 characterized by forming a conductive layer on said 
antiferromagnetism layer including the process which forms said free layer, the layer of the same 
ingredient, and an antiferromagnetism layer in order. 

[Claim 8] Furthermore, the manufacture approach of the thin film magnetic head according to claim 
1 to 7 characterized by including the process which removes the 2nd insulating layer protruded into 
the top face of said magnetic resistance element after formation of said 2nd insulating layer. 
[Claim 9] At least one side of the process which forms said 1st insulating layer, and the process 
which forms said 3rd insulating layer is the manufacture approach of the thin film magnetic head 
according to claim 1 to 8 characterized by forming the alumina film as an insulating layer using 
chemical vapor deposition. 

[Claim 10] The manufacture approach of the thin film magnetic head according to claim 9 
characterized by using low voltage chemical vapor deposition as said chemical vapor deposition. 
[Claim 11] The manufactxire approach of the thin film magnetic head according to claim 9 
characterized by using plasma chemistry- vapor growth as said chemical vapor deposition. 
[Claim 12] The process which forms said 3rd insulating layer is the manufacture approach of the thin 
film magnetic head according to claim 1 to 8 characterized by forming the alumina fibn as an 
insulating layer using chemical vapor deposition at the temperature below 300-degreeC. 
[Claim 13] Furthermore, the 1st and 2nd magnetic layers which consist of at least one layer 
including the magnetic pole part which each other is connected magnetically and counters said 
medium opposed face side mutually, respectively. At least the gap layer prepared between the 
magnetic pole part of said 1st magnetic layer and the magnetic pole part of said 2nd magnetic layer 
and a part between said 1st and 2nd magnetic layers The manufacture approach of the thin film 
magnetic head according to claim 1 to 12 characterized by including the process which forms the 
induction type MAG sensing element which has the thin film coil prepared in the condition of having 
insulated to said 1st and 2nd magnetic layers. 

[Claim 14] The 1st for shielding said magnetic resistance element and the 2nd shielding layer which 
have been arranged so that it may counter on both sides of a magnetic resistance element and said 
magnetic resistance element. The conductive layer connected to said magnetic resistance element, 
and the 1st insulating layer prepared between said magnetic resistance element, and said conductive 
layer and said 1st shielding layer, The 2nd insulating layer arranged between said 1st insulating layer 
and said conductive layers in the perimeter of said magnetic resistance element. The process which is 
the manufacture approach of magneto-resistive effect equipment equipped with the 3rd insulating 
layer prepared between said magnetic resistance element, and said conductive layer and said 2nd 
shielding layer, and forms said 1st shielding layer. The process which forms said 1st insulating layer 
on said 1st shielding layer, and the process which forms the fihn for magnetic resistance elements 
used as said magnetic resistance element on said 1st insulating layer. The process which etches said 
film for magnetic resistance elements selectively, and forms said magnetic resistance element. The 
process which forms said 2nd insulating layer on said 1st insulatmg layer, and the process which 
forms said conductive layer on said 2nd insulating layer. The process which forms said 3rd 
insulating layer on said magnetic resistance element, the 2nd insulating layer, and a conductive layer, 
The process which forms said magnetic resistance element including the process which forms said 
2nd shielding layer on said 3rd insulating layer The 1st etching process which etches a part of 
thickness direction of the parts which should etch said film for magnetic resistance elements using 
the 1st dry etching containing a chemical etching element and a physical etching element. The 
remaining part of the parts which should etch said fibn for magnetic resistance elements The 
manufacture approach of the magneto-resistive effect equipment characterized by including the 2nd 
etching process etched using the 2nd dry etching with the larger ratio of physical etching than said 
1st dry etching. 

[Claim 15] Said 1st dry etching is the manufacture approach of the magneto-resistive effect 
equipment according to claim 14 characterized by being reactive ion etching. 
[Claim 16] Said 2nd dry etching is the manufacture approach of the magneto-resistive effect 
equipment according to claim 14 or 15 characterized by being ion milling. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi^ejje?u=http%3A%2F%2Fww 11/20/2006 



JP,2OOl-084535,A [CLAIMS] 



Page 3 of 3 



[Claim 17] Said magnetic resistance element is the manufacture approach of the magneto-resistive 
effect equipment according to claim 14 to 16 characterized by consisting of two or more layers. 
[Claim 18] Furthermore, it sets after formation of said 2nd insulating layer in some layers of the 
upside of two or more layers of said magnetic resistance element. The process which etches the part 
of a crosswise outside to the part which specifies the width of recording track, Aroimd the part 
etched after this etching, and said magnetic resistance element The process which forms said 
conductive layer is the manufacture approach of the magneto-resistive effect equipment according to 
claim 17 characterized by forming a conductive layer on said antiferromagnetism layer including the 
process which forms the etched layer, the layer of the same ingredient, and an antiferromagnetism 
layer in order. 

[Claim 19] Said magnetic resistance element is the manufacture approach of the magneto-resistive 
effect equipment according to claim 14 to 16 characterized by being the spin bulb huge magnetic 
resistance element by which the fi-ee layer has been arranged at the upside. 

[Claim 20] Furthermore, it sets in the fi-ee layer of said magnetic resistance element after formation 
of said 2nd insulating layer. The process which etches the part of a crosswise outside to the part 
which specifies the width of recording track, Around the part etched after this etching, and said 
magnetic resistance element The process which forms said conductive layer is the manufacture 
approach of the magneto-resistive effect equipment according to claim 19 characterized by forming a 
conductive layer on said antiferromagnetism layer including the process which forms said fi-ee layer, 
the layer of the same ingredient, and an antiferromagnetism layer in order. 
[Claim 21] Furthermore, the manufacture approach of the magneto-resistive effect equipment 
according to claim 14 to 20 characterized by including the process which removes the 2nd insulating 
layer protruded into the top face of said magnetic resistance element after formation of said 2nd 
insulating layer. 

[Claim 22] At least one side of the process which forms said 1st insulating layer, and the process 
which forms said 3rd insulating layer is the manufacture approach of the magneto-resistive effect 
equipment according to claim 14 to 21 characterized by forming the alumina film as an insulating 
layer using chemical vapor deposition. 

[Claim 23] The manufacture approach of the magneto-resistive effect equipment according to claim 
22 characterized by using low voltage chemical vapor deposition as said chemical vapor deposition. 
[Claim 24] The manufacture approach of the magneto-resistive effect equipment according to claim 
22 characterized by using plasma chemistry- vapor growth as said chemical vapor deposition. 
[Claim 25] The process which forms said 3rd insulating layer is the manufacture approach of the 
magneto-resistive effect equipment according to claim 14 to 21 characterized by forming the 
alumina fihn as an insulating layer using chemical vapor deposition at the temperature below 300- 
degreeC. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of magneto-resistive 
effect equipment of having the manufacture approach of the thin film magnetic head and magnetic 
resistance element which read at least and have the magnetic resistance element of business 

[0002] 

[Description of the Prior Art] In recent years, the improvement in the engine performance of the thin 
film magnetic head is called for with improvement in the surface recording density of a hard disk 
drive unit. The compound-die thin film magnetic head of the structure which carried out the 
laminating of the reproducing head which reads as the thin film magnetic head with the recording 
head which has an induction type MAG sensing element for writing, and has the magnetic-reluctance 
(it is hereafter described also as MR (Magnetoresistive).) component of business is used widely. 
There are an AMR component using the anisotropy magnetic-reluctance (it is hereafter described as 
AMR (Anisotropic Magnetoresistive).) effectiveness as a MR component and a OMR component 
using the huge magnetic-reluctance (it is hereafter described as OMR (Giant Magnetoresistive).) 
effectiveness, it is only called an MR head and the AMR head or the reproducing head using a GMR 
component is called a GMR head for the reproducing head using the AMR component. The AMR 
head is used as the reproducing head to which surface recording density exceeds 1 gigabit / (inch) 2, 
and the GMR head is used as the reproducing head to which surface recording density exceeds 3 
gigabit / (inch) 2. 

[0003] By the way, as the reproducing head, there are many things of the structure which shielded 
MR component electrically and magnetically with the magnetic material (electric shielding). 
[0004] Here, with reference to drawing 21 thru/or drawing 26 , an example of the manufacture 
approach of the compound-die thin film magnetic head which used the spin bulb GMR component 
for the reproducing head is explained as an example of the manufactxire approach of the conventional 
thin film magnetic head. In addition, drawing 21 thru/or drawing 24 show the cross section parallel 
to the air bearing side of a magnetic pole part. 

[0005] By this manufacture approach, first, as shown in drawing 21 , the insulating layer 102 which 
consists of an alumina (aluminum 203) is deposited by the thickness of about 5 micrometers on the 
substrate 101 which consists of ARUTIKKU (aluminum 203, TiC). Next, the lower shielding layer 
103 for the reproducing heads which consists of a magnetic material is formed on an insulating layer 
102 at the thickness of 2-3 micrometers. 

[0006] Next, 1st shielding gap film 104a as an insulating layer which consists of insulating materials, 
such as an alumina, is formed by the spatter on the lower shielding layer 103 at the thickness of 20- 
40nm. Next, except for the field which should form the GMR component mentioned later on 1st 
shielding gap film 104a, 2nd shielding gap film 104b as an insulating layer which consists of 
insulating materials, such as an alumina, is formed in the thickness of 50-150nm by the spatter. 
[0007] Next, antiferromagnetism layer 105a with a thickness of about 10-20nm, non-magnetic layer 
105b with a thickness of about 2-3nm, and fi-ee layer (magnetic layer) 105c with a thickness of about 
3-6nm are formed in order on 2nd shielding gap film 104b as two or more layers which constitute the 
GMR component for playback. In addition, although there is a magnetic layer used as the pin layer 
other than the above etc. as a layer which constitutes a GMR component if needed, in order to 
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simplify explanation, only the three above-mentioned layers 105a, 105b, and 105c are mentioned and 
explained here. 

[0008] Next, the photoresist pattern 121 is selectively formed in the location which should form a 
GMR component on free layer 105c. At this time, the configuration which can perform a lift off 
easily, for example, a cross-section configuration, forms the photoresist pattern 121 of T mold. 
[0009] Next, as shown in drawing 22 , the above-mentioned layers 105a, 105b, and 105c which 
constitute a GMR component by ion milling by using the photoresist pattern 121 as a mask are 
etched selectively, carry out patterning, and the GMR component 105 is formed. 
[0010] Next, as shown in drawing 23 , the conductive layer (it is also called a lead.) 106 of the 
couple electrically connected to the GMR component 105 is formed by using the photoresist pattern 
121 as a mask at a predetermined pattern, for example by dozens to 100 number the thickness of 
lOnm on 1st shielding gap film 104a and 2nd shielding gap film 104b. Next, the lift off of the 
photoresist pattem 121 is carried out. Drawing 25 is the top view showing 2nd shielding gap film 
104b at this event, the GMR component 105, and a conductive layer 106. 
[001 1] Next, as shown in drawing 24 , 3rd shielding gap film 107a as an insulating layer which 
consists of insulating materials, such as an alumina, is formed by the spatter at the thickness of 20- 
40nm on the shielding gap fihn 104a and 104b, the GMR component 105, and a conductive layer 
106, and the GMR component 105 is laid undergroimd in shielding gap film 104a and 107a. Next, 
4th shielding gap fihn 107b as an insulating layer which consists of insulating materials, such as an 
alumina, is formed by the spatter at the thickness of 50-150nm on 3rd shielding gap fihn 107[ near 
the GMR component 105 ] a. 

[0012] Next, on the shielding gap film 107a and 107b, it consists of a magnetic material and the 
lower [ an up shielding layer-cum-] magnetic pole layer (it is hereafter described as an up shielding 
layer.) 108 used to the both sides of the reproducing head and a recording head is formed at the 
thickness of about 3 micrometers. 

[0013] Next, the record gap layer 1 12 which consists of an insulator layer, for example, the alumina 
film, is formed on the up shielding layer 108 at the thickness of 0.2-0.3 micrometers. Next, although 
not illustrated, in the record gap layer 1 12, a part for the center section of the field which forms the 
thin film coil mentioned later is etched selectively, and a contact hole is formed. 
[0014] Next, although not illustrated, the 1st photoresist layer which determines throat height on the 
record gap layer 1 12 is formed in a predetermined pattem by the thickness of about 1.0-2.0 
micrometers. In addition, throat height means the die length (height) from the edge by the side of an 
air bearing side (medium opposed face which counters a record medium) of the part, i.e., a magnetic 
pole part, which two magnetic layers in a recording head counter through a record gap layer to the 
edge of an opposite hand. 

[0015] Next, the thin film coil of a recording head is formed on the 1st photoresist layer at the 
thickness of 3 micrometers. Next, on the 1st photoresist layer and a thin film coil, in order to insulate 
a ♦*** cQii^ 2nd photoresist layer is formed at a predetermined pattem. Drawing 26 is the top 
view simplifying and showing the condition at this event. In drawing 26 , the sign 113 shows the thin 
film coil which simplified and expressed. Moreover, a sign 131 shows the conductive layer formed 
on the edge of an opposite hand in the GMR component 105 of a conductive layer 106, and the sign 
132 shows the conductive layer connected to the conductive layer 131. A conductive layer 131 is 
formed simultaneously with the up shielding layer 108 with the same ingredient as the up shielding 
layer 108. Moreover, a conductive layer 132 is formed simultaneously with the thin film coil 113 
with the same ingredient as the thin film coil 113. 

[0016] Next, as shown in drawing 24 , the up magnetic pole layer 1 14 which consists of a magnetic 
material for recording heads, for example, a permalloy, (NiFe) is formed at the thickness of about 3 
micrometers on the record gap layer 1 12 and the 1st and 2nd photoresist layers. Besides, the section 
magnetic pole layer 1 14 let the contact hole formed in a part for the center section of the field in 
which the thin film coil was formed pass, contacted the up shielding layer (lower magnetic pole 
layer) 108, and is connected magnetically. 

[001 7] Next, by using the magnetic pole part of the up magnetic pole layer 1 14 as a mask, by ion 
milling, a part of record gap layer 1 12 and up shielding layer (lower magnetic pole layer) 108 are 
etched, and as shown in drawing 24 , some each side attachment walls of the up magnetic pole layer 
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1 14, the record gap layer 1 12, and the up shielding layer (lower magnetic pole layer) 108 consider as 
the trim (Trim) structure formed vertically in self align. According to this trim structure, the 
increment in the effective width of recording track by the breadth of the magnetic flux generated at 
the time of the writing of a narrow track can be prevented. 

[0018] Next, the overcoat layer 115 which consists of an alumina is formed on the up magnetic pole 
layer 1 14 at the thickness of 20-30 micrometers. Finally polish processing of the slider containing 
above-mentioned each class is performed, the air bearing side of a recording head and the 
reproducing head is formed, and the thin fihn magnetic head is completed 
[0019] 

[Problem(s) to be Solved by the Invention] By the way, if the engine performance of the reproducing 
head improves, a Sir MARUASU pilus tee (Thermal Asperity) will pose a problem. A Sir 
MARUASU pilus tee means degradation of the reproducing characteristics by self-generation of heat 
of the reproducing head at the time of playback. In order to conquer this Sir MARUASU pilus tee, 
the ingredient which was excellent in cooling effectiveness as an ingredient of a lower shielding 
layer or the shielding gap film was called for conventionally. Therefore, magnetic materials, such as 
a permalloy and Sendust, were conventionally used for the lower shielding layer. Moreover, 
recently, making it thin etc. sets thickness of the shielding gap film to about 20-50nm, and the 
approach of gathering cooling effectiveness is taken. 

[0020] However, when the shielding gap fihn becomes thin in this way, there is a trouble of 
becoming easy to generate the magnetic and electric poor insulation between the conductive layers 
and shielding layers which were connected to MR component (a GMR component is included.) or 
this. 

[0021] In relation to this, the electric short circuit of the conductive layer and shielding layer which 
were connected to MR component had become a problem by the conventional thin fihn magnetic 
head. Hereafter, this problem is explained using the example shown in drawing 21 thru/or drawing 
26 . 

[0022] By the manufacture approach of the conventional thin film magnetic head, as shown in 
drawing 22 , the layers 105a, 105b, and 105c which constitute a GMR component by ion milling by 
using the photoresist pattern 121 as a mask are etched selectively, and the GMR component 105 is 
formed. Since the width of recording track and MR height (die length fi-om the edge by the side of 
the air bearing side of MR component to the edge of an opposite hand (height)) of the reproducing 
head are determined by the width of face and die length of the GMR component 105 at this time, 
when etching the layers 105a, 105b, and 105c which constitute a GMR component by ion milling, a 
certain amount of over etching needed to be performed. Therefore, as shown in drawing 22 , 
shielding gap film 104of ** very thin 1st with a thickness of 20-40nm a deteriorated in response to 
breakage, or it was etched, and open Lycium chinense had a hole in 1st shielding gap film 104a. 
[0023] Thus, if a conductive layer 106 is formed in 1st shielding gap film 104a as shown in drawing 
23 after the hole has opened, the lower shielding layer 103 and a conductive layer 106 will connect 
too hastily electrically. Thus, if the lower shielding layer 103 and a conductive layer 106 connect too 
hastily electrically, the problem that the noise to the GMR component 105 increases will occur. 
[0024] In addition, the technique which forms an insulator layer in the field to which the shielding 
gap film became thin by the ion milling for forming MR component is shown in JP,7-296333,A. 
However, with this technique, the breakage of the shielding gap fihn by ion milling itself is 
unmitigable. 

[0025] Moreover, conventionally, as shown in drawing 22 , taper etching of the edge of the pattern 
of the GMR component 105 was carried out. However, especially the thing done for taper etching in 
this way made it difficuU to control the width of recording track and MR height to accuracy, and had 
become the cause to which the yield is reduced, so that the width of recording track and MR height 
were small. 

[0026] This invention was made in view of this trouble, and the object is to offer the manufacture 
approach of the thin film magnetic head of having enabled it to specify the configuration of a 
magnetic resistance element to accuracy, and the manufacture approach of magneto-resistive effect 
equipment while enabling it to prevent the electric short circuit of the conductive layer and shielding 
layer which were connected to the magnetic resistance element. 
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[0027] 

[Means for Solving the Problem] The 1st for shielding a magnetic resistance element and the 2nd 
shielding layer which have been arranged so that the part by the side of the medium opposed face to 
which the manufacture approach of the thin film magnetic head of this invention counters a magnetic 
resistance element and a record medium may coimter on both sides of a magnetic resistance element, 
The conductive layer connected to the magnetic resistance element, and the 1st insulating layer 
prepared between a magnetic resistance element, and a conductive layer and the 1st shielding layer, 
It is the approach of manufacturing the thin fibn magnetic head equipped with the 2nd insulating 
layer arranged between the 1st insulating layer and a conductive layer in the perimeter of a magnetic 
resistance element, and the 3rd insulating layer prepared between a magnetic resistance element, and 
a conductive layer and the 2nd shielding layer. 

[0028] The 1st for shielding a magnetic resistance element and the 2nd shielding layer by which the 
manufacture approach of the magneto-resistive effect equipment of this invention has been arranged 
so that it may counter on both sides of a magnetic resistance element and a magnetic resistance 
element. The conductive layer connected to the magnetic resistance element, and the 1st insulating 
layer prepared between a magnetic resistance element, and a conductive layer and the 1st shielding 
layer. It is the approach of manufacturing magneto-resistive effect equipment equipped with the 2nd 
insulating layer arranged between the 1st insulating layer and a conductive layer in the perimeter of a 
magnetic resistance element, and the 3rd insulating layer prepared between a magnetic resistance 
element, and a conductive layer and the 2nd shielding layer. 

[0029] The manufacture approach of the thin film magnetic head of this invention, or the 
manufacture approach of magneto-resistive effect equipment The process which forms the 1st 
shielding layer, and the process which forms the 1st insulating layer on the 1st shielding layer. The 
process which forms the film for magnetic resistance elements used as a magnetic resistance element 
on the 1st insulating layer, The process which etches the film for magnetic resistance elements 
selectively, and forms a magnetic resistance element. The process which forms the 2nd insulating 
layer on the 1st insulating layer, and the process which forms a conductive layer on the 2nd 
insulating layer, The process which forms a magnetic resistance element including the process which 
forms the 3rd insulating layer on a magnetic resistance element, the 2nd insulating layer, and a 
conductive layer, and the process which forms the 2nd shielding layer on the 3rd insulating layer The 
1st etching process which etches a part of thickness direction of the parts which should etch the fibn 
for magnetic resistance elements using the 1st dry etching containing a chemical etching element and 
a physical etching element. The 2nd etching process which etches the remaining part of the parts 
which should etch the film for magnetic resistance elements using the 2nd dry etching with the larger 
ratio of physical etching than the 1st dry etching is included. 

[0030] By the manufacture approach of the thin film magnetic head of this invention, or the 
manufacture approach of magneto-resistive effect equipment According to the 1st etching process of 
the processes which form a magnetic resistance element A part of thickness direction of the parts 
which should etch the fihn for magnetic resistance elements is etched using the 1st dry etching 
containing a chemical etching element and a physical etching element. According to the 2nd etching 
process The remaining part of the parts which should etch the film for magnetic resistance elements 
is etched using the 2nd dry etching with the larger ratio of physical etching than the 1st dry etching. 
It becomes possible to suppress breakage on the 1st insulating layer, and to specify the configuration 
of a magnetic resistance element to accuracy by this. 

[0031] In the manufacture approach of the thin film magnetic head of this invention, or the 
manufacture approach of magneto-resistive effect equipment, the 1st dry etching may be reactive ion 
etching. Moreover, the 2nd dry etching may be ion milling. 

[0032] Moreover, a magnetic resistance element may consist of two or more layers in the 
manufacture approach of the thin film magnetic head of this invention, or the manufacture approach 
of mag,neto-resistive effect equipment. In this case, each manufacture approach is further set after 
formation of the 2nd insulating layer in some layers of the upside of two or more layers of a 
magnetic resistance element. The process which etches the part of a crosswise outside to the part 
which specifies the width of recording track. You may make it the process which forms a conductive 
layer including the process which forms in order the part etched after this etching, the layer etched 
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into the perimeter of a magnetic resistance element, the layer of the same ingredient, and an 
antiferromagnetism layer form a conductive layer on an antiferromagnetism layer. 
[0033] Moreover, in the manufacture approach of the thin film magnetic head of this invention, or 
the manufacture approach of magneto-resistive effect equipment, a magnetic resistance element may 
be a spin bulb huge magnetic resistance element by which the free layer has been arranged at the 
upside. In this case, each manufacture approach is further set in the free layer of a magnetic 
resistance element after formation of the 2nd insulating layer. The process which etches the part of a 
crosswise outside to the part which specifies the width of recording track. You may make it the 
process which forms a conductive layer after this etching including the process which forms a free 
layer, the layer of the same ingredient, and an antiferromagnetism layer in order around the etched 
part and a magnetic resistance element form a conductive layer on an antiferromagnetism layer. 
[0034] Moreover, the manufacture approach of the thin film magnetic head of this invention or the 
manufacture approach of magneto-resistive effect equipment may include the process which 
removes fiuther the 2nd insulating layer protruded into the top face of a magnetic resistance element 
after formation of the 2nd insulating layer. 

[0035] Moreover, in the manufacture approach of the thin film magnetic head of this invention, or 
the manufacture approach of magneto-resistive effect equipment, at least one side of the process 
which forms the 1st insulating layer, and the process which forms the 3rd insulating layer may form 
the alumina film as an insulating layer using chemical vapor deposition. In this case, as chemical 
vapor deposition, low voltage chemical vapor deposition may be used and plasma chemistry- vapor 
growth may be used. 

[0036] Moreover, in the manufacture approach of the thin fihn magnetic head of this invention, or 
the manufacture approach of magneto-resistive effect equipment, the process which forms the 3rd 
insulating layer may form the alumina film as an insulating layer using chemical vapor deposition at 
the temperature below 300-degreeC. 

[0037] Moreover, the manufacture approach of the thin film magnetic head of this invention 
Furthermore, the 1st and 2nd magnetic layers which consist of at least one layer including the 
magnetic pole part which each other is connected magnetically and counters a medium opposed face 
side mutually, respectively. At least the gap layer prepared between the magnetic pole part of the 1st 
magnetic layer and the magnetic pole part of the 2nd magnetic layer and a part between the 1st and 
2nd naagnetic layers The process which forms the induction type MAG sensing element which has 
the thin film coil prepared in the condition of having insulated to the 1st and 2nd magnetic layers 
may be included. 
[0038] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail with reference to a drawing. First, with reference to drawing 1 thru/or drawing 12 , the outline 
of the manufacture approach of the thin film magnetic head concerning the gestalt of 1 operation of 
this invention and the manufacture approach of magneto-resistive effect equipment is explained. The 
spin bulb GMR component is used for the reproducing head of the thin film magnetic head with the 
gestalt of this operation. In addition, in drawing 1 thru/or drawing 9 , (a) shows a cross section 
vertical to an air bearing side, and (b) shows the cross section parallel to the air bearing side of a 
magnetic pole part. 

[0039] By the manufacture approach of the thin film magnetic head concerning the gestalt of this 
operation, first, as shown in drawing 1 , the insulating layer 2 which consists of an alumina 
(aluminum 203) is deposited by the thickness of about 5 micrometers on the substrate 1 which 
consists of ARUTIKKU (aluminum 203, TiC). Next, the lower shielding layer 3 for the reproducing 
heads which consists of a magnetic material is formed on an insulating layer 2 at the thickness of 2-3 
micrometers. 

[0040] Next, as shown in drawing 2 , 1st shielding gap fihn 4a as the 1st insulating layer is formed 
on the lower shielding layer 3 at the thickness of 10-20nm. As an insulating material used for 
shielding gap film 4a, there are an alumina, alumimium nitride, diamond-Uke carbon (DLC), etc. 
moreover, shielding gap film 4a - a spatter ~ you may form - chemical vapor growth (it is hereafter 
described as CVD.) - you may form by law. As a CVD method, a low voltage CVD method and a 
plasma-CVD method are used, for example. In forming shielding gap fihn 4a which consists of 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi__ejje 



11/20/2006 



JP,20Ol-084535,A [DETAILED DESCRIPTION] 



Page 6 of 13 



alumina film with a CVD method, as an ingredient, it uses trimethylaluminum (aluminums (CH3)) 
and H20. By fomiing the alumina film using a CVD method, it becomes it is thin, and is precise and 
possible to form little good shielding gap film 4a of a pinhole. 

[0041] Next, two or more layers which constitute the GMR component for playback are formed on 
shielding gap film 4a. Next, the photoresist pattern 21 is selectively formed in the location which 
should form a GMR component on the maximum upper layer of two or more of these layers. At this 
time, the configuration which can perform a lift off easily, for example, a cross-section 
configuration, forms the photoresist pattern 21 of T mold. Next, by using the photoresist pattem 21 
as a mask, two or more layers which constitute a GMR component are etched selectively, carry out 
patteming, and the GMR component 5 is formed. In addition, the procedure which forms the GMR 
component 5 is explained in detail later. 

[0042] Next, as shown in drawing 3 , 2nd shielding gap film 4b as the 2nd insulating layer which 
becomes the perimeter of the GMR component 5 fi-om insulating materials, such as an alumina, is 
formed by the spatter on shielding gap fihn 4a by using the photoresist pattem 21 as a mask at the 
thickness of 100-300nm. Next, the lift off of the photoresist pattem 21 is carried out. Next, about 
Inm of top faces of the GMR component 5 is etched, and 2nd shielding gap film 4b overflowing into 
the top face of the GMR component 5 is removed. 

[0043] Drawing 10 is the top view showing the GMR component 5 and 2nd shielding gap film 4b at 
this event. 

[0044] Next, as shown in drawing 4 , the photoresist pattem 23 for deciding the width of recording 
track of the reproducing head is newly formed on the GMR component 5. At this time, the 
configuration which can perform a lift off easily, for example, a cross-section configuration, fomis 
the photoresist pattem 23 of T mold, next, the conductive layer 6 of the couple electrically connected 
to the GMR component 5 on 2nd shielding gap film 4b by using the photoresist pattem 23 as a mask 
~ dozens- 100 - it forms in the thickness of dozens of nm. In addition, the procedure which forms a 
conductive layer 6 is explained in detail later. 

[0045] Next, as shown in drawing 5 , the lift off of the photoresist pattem 23 is carried out. Next, 
although not illustrated, in order to make the resistance of a conductive layer 6 small, the film which 
consists of copper (Cu) is formed on a conductive layer 6 according to a lift-off process at the 
thickness of 50-lOOnm. 

[0046] In addition, although drawing 4 (a) and drawing 5 (a) show the cross section which passes 
along a conductive layer 6, drawing 6 (a) thru/or drawing 9 (a) show the cross section which does 
not pass along a conductive layer 6. 

[0047] Next, as shown in drawing 6 , 3rd shielding gap film 7a as the 3rd insulating layer is formed 
at the thickness of 20-40nm on the GMR component 5 and 2nd shielding gap film 4b and conductive 
layer 6. As an insulating material used for shielding gap film 7a, there are an alumina, alumimium 
nitride, diamond-like carbon (DLC), etc. Moreover, shielding gap fihn 7a may be formed by the 
spatter, and may be formed with a CVD method. As a CVD method, a low voltage CVD method and 
a plasma-CVD method are used, for example. In forming shielding gap film 7a which consists of 
alumina film with a CVD method, as an ingredient, it uses trimethylaluminum (aluminum3 (CH3)) 
and H20. By forming the alumina film using a CVD method, it becomes it is thin, and is precise and 
possible to form little good shielding gap film 7a of a pinhole. Moreover, in forming shielding gap 
fihn 7a which consists of alimiina film with a CVD method, in order to prevent degradation of a 
weak layer with the heat of two or more layers which constitute the GMR component 5, it is 
desirable to perform CVD at the temperature below 300-degreeC. 

[0048] Next, except for the field corresponding to the GMR component 5, 4th shielding gap fihn 7b 
which consists of insulating materials, such as an alumina, on shielding gap film 7a is formed in the 
thickness of 50-150nm by the spatter. 

[0049] Next, 1st layer 8a of the lower [ an up shielding layer-cum-] magnetic pole layer (it is 
hereafter described as an up shielding layer.) 8 which uses magnetic materials, such as NiFe, and is 
used to the both sides of the reproducing head and a recording head on the shielding gap film 7a and 
7b is formed in the thickness of 1-2 micrometers by the spatter. At this time, the GMR component 5 
of a conductive layer 6 forms [ coincidence ] a conductive layer on the edge of an opposite hand at 
the thickness of 1-2 micrometers using the same ingredient as 1st layer 8a of an up shielding layer. 
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[0050] In addition, the up shielding layer 8 consists of the 1st layer 8a, and the 2nd layer 8b and 3rd 
layer 8c which are mentioned later. 1st layer 8a of the up shielding 8 is arranged in the location 
which counters some thin film coils [ at least ] mentioned later. 

[005 1] Drawing 1 1 is the top view simplifying and showing the condition at this event. In drawing 
11 , the sign 3 1 shows the conductive layer formed on the edge of an opposite hand in the GMR 
component 5 of a conductive layer 6. In addition, in dravdng 1 1 , 1st layer 8a of the up shielding 
layer 8 is omitted. 

[0052] Next, as shown in drawing 7 , on 1st layer 8a of the up shielding layer 8, magnetic materials, 
such as NiFe, are used and the 2nd layer 8b of the up shielding layer 8 and 3rd layer 8c are formed 
by the galvanizing method at the thickness of 1 .5-2.0 micrometers. As for 2nd layer 8b, the end side 
is arranged in the air bearing side (medium opposed face which counters a record medium) 30. 3rd 
layer 8c is a part for connecting 1st layer 8a of the up shielding layer 8, and the up magnetic pole 
layer mentioned later, and is arranged at a part for the center section of the field which forms the thin 
film coil mentioned later. In the gestalt of this operation, 2nd layer 8b of the up shielding layer 8 
specifies throat height. That is, the location of the edge of an opposite hand (it sets to drawing 7 (a) 
and is right-hand side) turns into a throat height zero location which is a location of the edge of an 
opposite hand in the air bearing side 30 of a magnetic pole part in the air bearing side 30 of 2nd layer 
8b. 

[0053] The 2nd layer 8b of the up shielding layer 8 and 3rd layer 8c NiFe (nickel:80 % of the 
weight, Fe:20 % of the weight), NiFe (nickel:45 % of the weight, Fe:55 % of the weight) which is a 
high saturation-magnetic-flux-density ingredient are used. You may form in a predetermined pattern 
by the galvanizing method, and using ingredients, such as FeN, FeZrN, etc. which are a high 
saturation-magnetic-flux-density ingredient, after a spatter, it may etch selectively and you may form 
in a predetermined pattern by ion milling etc. In addition, CoFe, Co system amorphous material, etc. 
which are a high saturation-magnetic-flux-density ingredient may be used. 
[0054] Next, the insulator layer 9 which consists of an alumina is formed in the whole at the 
thickness of about 0.3-0.5 micrometers. 

[0055] Next, the thin fihn coil 10 which consists of copper (Cu) is formed in the thickness of 1-2 
micrometers by the frame galvanizing method. The thin fihn coil 10 is arranged so that 3rd layer 8c 
of the up shielding layer 8 may be wound as a core, and a part is arranged in the side (it sets to 
drawing 7 (a) and is right-hand side) of 2nd layer 8b of the up shielding layer 8. Moreover, the 
conductive layer connected to coincidence at a conductive layer 31 using the same ingredient as the 
thin film coil 10 at this time is formed. 

[0056] Drawing 12 is the top view simplifying and showing the condition at this event. In drawing 
12 , the sign 32 shows the conductive layer connected to the conductive layer 31. 
[0057] Next, as shown in drawing 7 , the insulating layer 1 1 which consists of an alumina is formed 
in the whole by the thickness of about 3-4 micrometers. Next, for example by CMP (chemical 
machinery polish), an insulating layer 1 1 is ground and flattening processing of the front face is 
carried out until the 2nd layer 8b of the up shielding layer 8 and 3rd layer 8c are exposed. Although 
the thin fihn coil 10 is not exposed, you may make it exposed [ the thin film coil 10 ] by drawing 7 
here. 

[0058] Next, as shown in drawing 8 , the record gap layer 12 which consists of an insulating material 
is formed at the thickness of 150-200nm on the 2nd layer 8b of the up shielding layer 8 and 3rd layer 
8c which were exposed, and an insulating layer 11. Generally as an insulating material used for the 
record gap layer 12, there are an alumina, alumimium nitride, a silicon oxide system ingredient, a 
silicon nitride system ingredient, diamond-like carbon (DLC), etc. Moreover, the record gap layer 12 
may be formed by the spatter, and may be formed with a CVD method. In forming the record gap 
layer 12 which consists of alumina film with a CVD method, as an ingredient, it uses 
trimethylaluminum (aluminum3 (CH3)) and H20. If a CVD method is used, it will become it is thin, 
and is precise and possible to form few good record gap layers 12 of a pinhole. 
[0059] Next, for magnetic-path formation, in the part on 3rd layer 8c of the up shielding layer 8, the 
record gap layer 12 is etched selectively and a contact hole is formed. 

[0060] Next, as shown in drawing 9 , the up magnetic pole layer 13 which consists of a magnetic 
material is formed by the thickness of 3 micrometers on the record gap layer 12 at a predetermined 
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pattern. Using the ingredient of NiFe (nickel:80 % of the weight, Fe:20 % of the weight) and NiFe 
(nickel:45 % of the weight, Fe:55 % of the weight) which is a high saturation-magnetic-flux-density 
ingredient, the up magnetic pole layer 13 may be formed by the galvanizing method, and may be 
formed by the spatter using ingredients, such as FeN, FeZrN, etc. which are a high saturation- 
magnetic-flux-density ingredient. In addition, CoFe, Co system amorphous material, etc. which are a 
high saturation-magnetic-flux-density ingredient may be used. Moreover, it is good also as structure 
which laid the insulator layer of an inorganic system, and magnetic layers, such as a permalloy, on 
top of many layers for the up magnetic pole layer 13 because of an improvement of a RF property. 
[0061] The magnetic pole part arranged among the up magnetic pole layers 13 at the air bearing side 
30 side has width of face equal to the width of recording track of a recording head, and counters with 
2nd layer 8b of the up shielding layer 8 through the record gap layer 12. Moreover, the part near the 
edge of an opposite hand is connected to 3rd layer 8c of the up shielding layer 8 in the air bearing 
side 30 among the up magnetic pole layers 13. Thereby, the up magnetic pole layer 13 and the up 
shielding layer (lower magnetic pole layer) 8 are connected magnetically. 
[0062] Next, by using the magnetic pole part of the up magnetic pole layer 13 as a mask, by dry 
etching, the record gap layer 12 is etched selectively, and further, 2nd about about 0.3-0.6 
micrometers layer 8b of the up shielding layer 8 is selectively etched for example, by argon ion 
milling, and it considers as trim structure as shown in drawing 9 (b). According to this trim structure, 
the increment in the effective width of recording track by the breadth of the magnetic flux generated' 
at the time of the writing of a narrow track can be prevented. 

[0063] Next, the overcoat layer 14 which consists of an alumina is formed in the thickness of 20-30 
micrometers, flattening of the front face is carried out to the whole, and the pad for electrodes which 
is not illustrated is formed on it. Finally polish processing of the slider containing above-mentioned 
each class is performed, the air bearing side of a recording head and the reproducing head is formed, 
and the thin film magnetic head is completed. 

[0064] In the gestalt of this operation, the lower shielding layer 3 is equivalent to the 1st shielding 
layer in this invention, and the up shielding layer 8 is equivalent to the 2nd shielding layer in this 
invention. 

[0065] Moreover, an up shielding layer (lower magnetic pole layer), the record gap layer 12, the up 
magnetic pole layer 13, and the thin film coil 10 correspond to the induction type MAG sensing 
element in this invention. 

[0066] As explained above, the thin film magnetic head manufactiu-ed by the manufacture approach 
concerning the gestalt of this operation is equipped with the reproducing head and a recording head 
(induction type MAG sensing element). The reproducing head has been arranged so that the part by 
the side of the GMR component 5 and the medium opposed face 30, i.e., an air bearing side, which 
counters a record medium may counter on both sides of the GMR component 5. The lower shielding 
layer 3 and the up shielding layer 8 for shielding the GMR component 5, 1st shielding gap film 4a 
prepared between the conductive layer 6 connected to the GMR component 5, and the GMR 
component 5, and a conductive layer 6 and the lower shielding layer 3, 2nd shielding gap film 4b 
arranged between 1st shielding gap fikn 4a and a conductive layer 6 in the perimeter of the GMR 
component 5, It has 3rd shielding gap fihn 7a prepared between the GMR component 5, and a 
conductive layer 6 and the up shielding layer 8, and 4th shielding gap film 7b prepared except for the 
field corresponding to the GMR component 5 between 3rd shielding gap film 7a and the up shielding 
layer 8. Moreover, the reproducing head in the gestah of this operation is also magneto -resistive 
effect equipment in the gestalt of this operation. 

[0067] The lower magnetic pole layer (up shielding layer 8) and the up magnetic pole layer 13 which 
consist of at least one layer including the magnetic pole part which the recording head of each other 
is connected magnetically and counters the air bearing side 30 side mutually, respectively. It has the 
record gap layer 12 prepared between the magnetic pole part of a lower magnetic pole layer, and the 
magnetic pole part of the up magnetic pole layer 13, and the thin fihn coil 10 with which the part [ at 
least ] was prepared in the condition of having insulated to these between the lower magnetic pole 
layer and the up magnetic pole layer 13. 

[0068] Here, with reference to drawing 13 , an example of the configuration of the GMR component 
5 in the gestalt of this operation is explained. In this example, the GMR component 5 has 5g of 
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protective layers which the laminating was carried out to order from the 1st shielding gap fibn 4a 
side, for example, consist of 5d of 5f of substrate layers which consist of Ta, for example, 
antiferromagnetism layer which consists of PtMn 5 a, for example, magnetic layer 5e which consists 
of Co, for example, Ta, for example, free layer (magnetic layer) which consists of NiFe 5c, for 
example, non-magnetic layer 5b which consists of Cu, for example the magnetic layer which consists 
of Co,. In addition, below, in order to simplify explanation, only antiferromagnetism layer 5a, non- 
magnetic layer 5b, and free layer 5c are mentioned and explained among two or more layers which 
constitute the GMR component 5. 

[0069] Next, with reference to drawing 14 thru/or drawing 20 , the procedure which forms, the 
reproducing head in a gestalt, i.e., the magneto-resistive effect equipment, of this operation, is 
explained in detail. In addition, drav^ng 14 thru/or drawing 20 show the cross section parallel to the 
air bearing side of a magnetic pole part. 

[0070] Drawing 14 shows the condition after it forms two or more layers 5a, 5b, and 5c which 
constitute the GMR component 5 on 1st shielding gap film 4a and a cross-section configm-ation 
forms the photoresist pattern 21 of T mold on it. Here, the thickness of antiferromagnetism layer 5a 
is [ the thickness of 2nm and free layer 5c of the thickness of 10-20nm and non-magnetic layer 5b ] 
3-6nm. Two or more layers 5a, 5b, and 5c which can be set at this event correspond to the film for 
magnetic resistance elements in this invention. 

[0071] As shown in drawing 15 , with the gestalt of this operation next, even free layer 5c is etched 
by using the photoresist pattern 21 as a mask among two or more layers which constitute the GMR 
component 5 using a part of thickness direction, for example, the 1st dry etching containing a 
chemical etching element and a physical etching element, in the part which should etch two or more 
layers which constitute the GMR component 5 at least from an upside. This process is called 1st 
etching process. For example, reactive ion etching (called reactant sputter etching or reactant ion 
sputter etching.) using the gas etchant of an Freon system as the 1st dry etching is used. 
[0072] At the 1st etching process, it leaves only 5d of substrate layers to a part of thickness direction, 
for example, antiferromagnetism layer 5a, from the bottom among two or more layers which 
constitute the GMR component 5. Thereby, 1st shielding gap film 4a does not receive breakage by 
dry etching. 

[0073] Next, with the gestalt of this operation, the layer of the bottom [ layer /, for example non- 
magnetic layer 5b, / the layer which remained without being etched at the 1st etching process among 
two or more layers which constitute the GMR component 5 ] is etched by using the photoresist 
pattern 21 as a mask using the 2nd dry etching with the larger ratio of physical etching than the 1st 
dry etching in the part which should etch two or more layers which constitute the GMR component 
5. This process is called 2nd etching process. As the 2nd dry etching, ion milling is used, for 
example. 

[0074] In addition, as shown in drawing 15 , at the 1st etching process, an etch residue 22 may carry 
out the reattachment to the side face of the photoresist pattern 21 . So, at the 2nd etching process, as 
shown in drawing 16 , ion milling which made the angle of incidence of an ion beam 24 45 degrees 
or 70 degrees is performed, and an etch residue 22 and the layer which remained without being 
etched at the 1st etching process are removed. 

[0075] Since two or more layers of all that constitute the GMR component 5 are not etched but some 
layers of them are only etched, etching time is short and can be managed with the 2nd etching 
process. Therefore, even if it uses ion milling as the 2nd etching, there is very little breakage on 1st 
shielding gap film 4a. 

[0076] Patterning of two or more layers which constitute the GMR component 5 is etched and 
carried out by the above-mentioned 1st and the 2nd etching process, and the GMR component 5 is 
formed. Thus, since the 2nd etching is anisotropic etching, the side attachment wall of the formed 
GMR component 5 becomes almost vertical to the top face of 1st shielding gap film 4a. Moreover, 
the die length from the edge by the side of the air bearing side of the GMR component 5 to the edge 
of an opposite hand determines MR height. 

[0077] Next, as shown in drawing 17 , 2nd shielding gap fibn 4b as the 2nd insulating layer which 
becomes the perimeter of the GMR component 5 from insulating materials, such as an alumina, is 
formed by the spatter on 1st shielding gap film 4a by using the photoresist pattern 21 as a mask at the 
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thickness of 100-300nm. Next, the lift off of the photoresist pattern 21 is carried out. Thus, 
temporarily, since 2nd shielding gap film 4b is formed in the perimeter of the GMR component 5, 
even if 1st shielding gap fihn 4a has received breakage by over etching, in the 2nd etching process, a 
carrier beam part is covered with 2nd shielding gap fihn 4b in breakage. Therefore, the insulation 
between the conductive layers 6 and the lower shielding layers 3 which are formed behind is secured 
enough. 

[0078] By the way, if 2nd shielding gap film 4b is formed in the perimeter of the GMR component 5, 
as shown in drawing 17 , 2nd shielding gap film 4b may overflow into the top face of the GMR 
component 5. The thickness of the insulating layer which set the shielding gap film 4b and 7a in the 
condition of this as in the part which counters the top face of the GMR component 5 when 3rd 
shielding gap film 7a was formed on 2nd shielding gap film 4b becomes an ununiformity. 
[0079] So, with the gestah of this operation next, as shown in dravying 18 , about Inm of top faces of 
the GMR component 5 is etched, and 2nd shielding gap film 4b overflowing into the top face of the 
GMR component 5 is removed. Thereby, only 3rd shielding gap film 7a of thin uniform thickness 
can be formed on the GMR component 5. Consequently, thickness of the insulating layer formed on 
the GMR component 5 can be made into homogeneity, and the engine performance of the 
reproducing head can be raised. 

[0080] Next, as shown in drawing 19 , the photoresist pattem 23 for deciding the width of recording 
track of the reproducing head is newly fomied on the GMR component 5. Next, in some layers of the 
upside of two or more layers of the GMR component 5, the part of a crosswise outside is etched by 
using the photoresist pattem 23 as a mask to the part which specifies the width of recording track. 
Some or all of the thickness direction of for example, firee layer 5c is sufficient as what is etched, and 
it is good even to non-magnetic layer 5b. 

[0081] Next, the layer 61 of a couple which consists of the same ingredient as the part etched as 
mentioned above and the layer etched into the perimeter of the GMR component 5, for example, fi-ee 
layer 5c, for example, NiFe, is formed. This layer 61 is formed in order to make good electrical 
installation of the GMR component 5 and a conductive layer 6. Next, the antiferromagnetism layer 
62 of a couple which consists of RuRhMn or IrMn is formed on the layer 61 of a couple. 
[0082] thus, by forming in the part on the GMR component 5 the film 61 and the antiferromagnetism 
layer 62 which consist of NiFe, the reproducing head serves as the configuration of having used the 
exchange bias method (BCS (BoundaryControl Stabilizer) - called law.), and as shown in drawing 
19 , the tooth-space width of face of the layers 61 and 62 on the GMR component 5 determines 
width-of-recording-track W. 

[0083] next, the conductive layer 6 which consists of Ta and Au on the antiferromagnetism layer 62 - 
- dozens- 100 - it forms in the thickness of dozens of nm. Next, the lift off of the photoresist pattem 
23 is carried out. Next, although not illustrated, in order to make the resistance of a conductive layer 
6 small, the fihn which consists of copper (Cu) is formed on a conductive layer 6 according to a lift- 
off process at the thickness of 50-lOOriin. 

[0084] Next, as shown in drawing 20 , 3rd shielding gap film 7a as the 3rd insulating layer is formed 
at the thickness of 20-40nm on the GMR component 5 and 2nd shielding gap film 4b and conductive 
layer 6. As already explained, 3rd shielding gap film 7a is good also as alumina film formed by the 
CVD method. In this case, in order to prevent degradation of antiferromagnetism layer 5a weak with 
heat among two or more layers which constitute the GMR component 5, it is desirable to perform 
CVD at the temperature below 300-degreeC. 

[0085] Next, except for the field corresponding to the GMR component 5, 4th shielding gap fihn 7b 
which consists of insulating materials, such as an alumina, on shielding gap film 7a is formed in the 
thickness of 50-150nm by the spatter. 

[0086] Then, through the already explained process, as shown in drav^ng 20 , the thin film magnetic 
head is completed. 

[0087] As explained above, with the gestalt of this operation, a part of thickness direction of the 
parts which should etch two or more layers 5a, 5b, and 5c which constitute the GMR component 5 is 
etched according to the 1st [ using the 1st dry etching containing a chemical etching element and a 
physical etching element ] etching process. And according to the 2nd [ using the 2nd dry etching 
with the larger ratio of physical etching than the 1st dry etching ] etching process, the remaining part 
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of the parts which should etch two or more layers 5 a, 5b, and 5 c which constitute the GMR 
component 5 is etched, and the GMR component 5 is formed. Therefore, according to the gestalt of 
this operation, breakage on 1st shielding gap film 4a can be suppressed. Moreover, since according 
to the gestalt of this operation 2nd shielding gap film 4b was formed so that 1st shielding gap film 4a 
might be covered before formation of a conductive layer 6, the insulation between a conductive layer 
6 and the lower shielding layer 3 is securable. From these things, according to the gestalt of this 
operation, the electric short circuit of the conductive layer 6 and the lower shielding layer 3 which 
were connected to the GMR component 5 can be prevented, and the noise to the GMR component 5 
can be reduced. 

[0088] Moreover, since the 2nd etching process that the ratio of physical etching is large removes the 
etch residue generated at the 1st etching process, and the layer which remained without being etched 
at the 1st etching process according to the gestalt of this operation, the configuration of the GMR 
component 5 can be specified to accuracy. Therefore, according to the gestalt of this operation, while 
MR height is controllable to accuracy, the reproducing head with small MR height is realizable. 
[0089] Moreover, since 2nd shielding gap fihn 4b protruded into the top face of the GMR 
component 5 after formation of 2nd shielding gap film 4b was removed according to the gestalt of 
this operation, thickness of the insulating layer formed on the GMR component 5 can be made into 
homogeneity, and the engine performance of the reproducing head can be raised. <BR> [0090] 
Moreover, in the gestalt of this operation, when the shielding gap film 4a and 7a is formed using a 
CVD method, the good and thin shielding gap film 4a and 7a can be formed, and the engine 
performance of the reproducing head can be raised. Moreover, since step coverage is excellent while 
being able to form thinly, the alumina film formed using a CVD method is effective in especially 
using as 3rd shielding gap film 7a formed in the irregular part on the GMR component 5. 
[0091] Moreover, according to the gestalt of this operation, in order to improve a Sir MARUASU 
pilus tee, it can become possible to make sufficiently thin the shielding gap film 4a and 7a, and the 
engine performance of the reproducing head can be raised. 

[0092] Moreover, since according to the gestalt of this operation it is on 1st layer 8a of the up 
shielding layer 8, the thin film coil 10 is arranged to the side of 2nd layer 8b and flattening of the top 
face of the wrap insulating layer 1 1 was carried out for the thin film coil 10, the up magnetic pole 
layer 13 can be formed on a flat field. Therefore, according to the gestalt of this operation, in the 
magnetic pole part of the up magnetic pole layer 13, formation becomes possible minutely also in for 
example, a half micron dimension or a quarter micron dimension, and the cutback of the width of 
recording track of a recording head is attained. 

[0093] Moreover, with the gestalt of this operation, the magnetic pole part of the up magnetic pole 
layer 13 which specifies the width of recording track of a recording head does not specify throat 
height, but 2nd layer 8b of the up shielding layer (lower magnetic pole layer) 8 specifies throat 
height with it. Therefore, according to the gestalt of this operation, even if the width of recording 
track becomes small, it becomes possible to be accurate and to specify throat height to homogeneity. 
[0094] Furthermore, since the thin film coil 10 can be formed on a flat field in the side of 2nd layer 
8b of the up shielding layer 8, while becoming possible to form the thin fihn coil 10 minutely 
according to the gestalt of this operation, the edge of the thin film coil 10 can be arranged an edge 
[ the edge of an opposite hand ], i.e., a throat height zero location near, in the air bearing side 30 of 
2nd layer 8b of the up shielding layer 8. According to the gestalt of this operation firom these things, 
the cutback of the magnetic-path length of a recording head is attained. 
[0095] In addition, this invention is not limited to the gestalt of the above-mentioned 
implementation. For example, with the gestalt of operation, although ion milling was used as the 2nd 
dry etching, using reactive ion etching as the 1st dry etching, the combination of the 1st dry etching 
and the 2nd dry etching is not restricted to this. For example, sputter etching may be used as the 2nd 
dry etching, or ion milling may be used as the 2nd dry etching, using sputter etching as the .1st dry 
etching, using reactive ion etching as the 1st dry etching. 

[0096] Moreover, with the gestalt of the above-mentioned implementation, although the spin bulb 
GMR component was used as a magnetic resistance element, this invention can be applied as a 
magnetic resistance element, also when using the AMR component, GMR components other than a 
spin bulb, and a TMR (tunnel magneto-resistive effect) component. Moreover, the configuration of a 
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spin bulb GMR component is not restricted to what was shown in drawing 13 . 
[0097] Moreover, although the gestalt of the above-mentioned implementation explained the thin 
film magnetic head of the structure which read to the base side, formed MR component of business, 
and carried out the laminating of the induction type MAG sensing element for writing on it, this 
built-up sequence may be made into reverse. 

[0098] That is, it may write in a base side, the induction type MAG sensing element of business may 
be formed, and MR component for reading may be formed on it. Such structure is realizable by 
forming in a base side by using as a lower magnetic pole layer the magnetic film which has the 
function of the up magnetic pole layer shown in the gestalt of the above-mentioned implementation 
for example, and forming the magnetic fihn which has the fimction of the lower magnetic pole layer 
it was indicated to the gestalt of the above-mentioned implementation that countered it as an up 
magnetic pole layer through the record gap film. In this case, it is desirable to make the up magnetic 
pole layer of an induction type MAG sensing element and the lower shielding layer of MR 
component make it serve a double purpose. 

[0099] In addition, it is desirable to use the base in which the crevice was formed, in such the thin 
film magnetic head of structure. And magnitude of the thin film magnetic head itself can be fiirther 
cutback-ized by forming the coil section in the crevice of a base. 

[0100] Moreover, when using as only for reading, it is good also as a configuration equipped only 

with the magnetic resistance element for reading for the thin film magnetic head. 

[0101] Moreover, the magneto-resistive effect equipment in this invention is applicable not only to 

the reproducing head of the thin fihn magnetic head but a revolution position sensor, a 

magnetometric sensor, a current sensor, etc. 

[0102] 

[Effect of the Invention] As explained above, according to the manufacture approach of the thin film 
magnetic head according to claim 1 to 13, or the manufacture approach of magneto-resistive effect 
equipment according to claim 14 to 25 According to the 1st etching process, a part of thickness 
direction of the parts which should etch the fihn for magnetic resistance elements is etched. 
According to the 2nd etching process Since the remaining part of the parts which should etch the 
film for magnetic resistance elements is etched and the magnetic resistance element was formed 
Since the insulation between the 1st shielding layer and a conductive layer is securable with the 2nd 
insulating layer while being able to suppress breakage on the 1st insulating layer, the effectiveness 
that the electric short circuit of the conductive layer and shielding layer which were connected to the 
magnetic resistance element can be prevented is done so. Moreover, the effectiveness that the 
configuration of a magnetic resistance element can be specified to accuracy is done so according to 
the 2nd etching process. 

[0103] Moreover, since the 2nd insulating layer protruded into the top face of a magnetic resistance 
element after formation of the 2nd insulating layer was removed according to the manufachire 
approach of the thin film magnetic head according to claim 8, or the manufacture approach of 
magneto-resistive effect equipment according to claim 21, thickness of the insulating layer formed 
on a magnetic resistance element can be made into homogeneity, and the effectiveness that the 
engine performance of the thin fihn magnetic head or magneto-resistive effect equipment can be 
raised is done so. 

[0104] Moreover, according to the manufacture approach of the tiiin fihn magnetic head according to 
claim 9 to 1 1, or the manufachire approach of magneto-resistive effect equipment according to claim 
22 to 24 Since at least one side of the process which forms the 1st insulating layer, and the process 
which forms the 3rd insulating layer formed the alumina fihn as an insulating layer using chemical 
vapor deposition A good and thin insulating layer can be formed and the effectiveness that tiie 
engine performance of tiie thin fihn magnetic head or magneto-resistive effect equipment can be 
raised is done so. 

[0105] Moreover, since the process which foims die 3rd insulating layer formed the alumina fihn as 
an insulating layer using chemical vapor deposition at tiie temperatiire below 300-degreeC according 
to the manufacture approach of the thin film magnetic head according to claim 12, or the 
manufacture approach of magneto-resistive effect equipment according to claim 25, tiie effectiveness 
that degradation of a magnetic resistance element can be prevented is done so. 
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* NOTICES * 

JPO and NCIPI are not: responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is a sectional view for explaining one process in the manufacture approach of the thin 

film magnetic head concerning the gestalt of 1 operation of this invention. 

[Drawing 2] It is a sectional view for explaining the process following drawing 1 . 

[Drawing 3] It is a sectional view for explaining the process following drawing 2 . 

[Drawing 4] It is a sectional view for explaining the process following drawing 3 . 

[Drawing 5] It is a sectional view for explaining the process following drawing 4 . 

[Drawing 6] It is a sectional view for explaining the process following drawing 5 . 

[Drawing 7] It is a sectional view for explaining the process following drawing 6 . 

[Drawing 8] It is a sectional view for explaining the process following drawing 7 . 

[Drawing 9] It is a sectional view for explaining the process following drawing 8 . 

[ Drawing 10] It is a top view corresponding to drawing 3 . 

[Drawin g 11] It is a top view corresponding to drawing 6 . 

[ Drawing 12] It is a top view corresponding to drawing 7 . 

[Drawing 13] It is the sectional view showing an example of the configuration of the GMR 
component in the gestalt of 1 operation of this invention. 

[Drawing 14] It is a sectional view for explaining one process in the manufacture approach of the 
thin film magnetic head concerning the gestalt of 1 operation of this invention. 
[Drawing 15] It is a sectional view for explaining the process following drawing 14 . 
[Drawing 16] It is a sectional view for explaining the process following drawing 15 . 
[Drawing 17] It is a sectional view for explaining the process following drawing 16 . 
[Drawing 18] It is a sectional view for explaining the process following drawing 1 7 . 
[Drawing 19] It is a sectional view for explaining the process following drawing 18 . 
[Drawing 20] It is a sectional view for explaining the process following drawing 19 [ 
[Drawin g 21] It is a sectional view for explaining one process in the manufacture approach of the 
conventional thin film magnetic head. 

[Drawing 22] It is a sectional view for explaining the process following drawing 21 . 
[Drawing 23] It is a sectional view for explaining the process following drawing 22 . 
[Drawing 24] It is a sectional view for explaining the process following drawing 23 . 
[Drawing 25] It is a top view corresponding to drawing 23 . 
[Drawing 26] It is a top view corresponding to drawing 24 . 
[Description of Notations] 

1 [ - The 1st shielding gap fihn, 4b / The 2nd shielding gap film, 5 / - MR component, 6 / - A 
conductive layer, 7a / - The 3rd shielding gap fihn, 7b / - The 4th shielding gap film 8 / - An up 
shieldmg layer, 10 / - A thin film coil, 12 / - A record gap layer, 13 / - An up magnetic pole layer 
14 / - Overcoat layer. ] - A substrate, 2 - An insulating layer, 3 - A lower shielding layer, 4a 



[Translation done.] 
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5:^cfcD3^cCS:^*-/^'-3-^@l 1 5*. 2 0--30 M 

r^r u > im=^m^Lx. mmm^^ k^^^^-t bo 

[0019] 

otttM?&^r^±Lr< ^i, i^--;';brxfc-y (-mer 

mal Asperity) ^^HSiJ^ -oT < 1f — "^^l/T :^ f U 
[0 0 2 0] L^^L^J:f)^fD. C(D<fc ^ tct^-;!/ K^^-r 

[0 0 2 1 ] cntcMBur. 'itt^commmm.^ y h-c so 
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[0 02 2] y KOMag:i^ar {i. s 

2 2tc^L:rcJ:^cc. v ^ v\yV7sy^^^->\ 2 \ ^ 

-^y<.^tOX. m«-r:t>5 •J>^«:j:-:>r. GMR 
*-?-^«^-r^lBl 0 5 a. 105b. 1 0 5 c ^illR 
Q^)tCX-;,^>>/Ur. GMR^^l 0 s^ff^^-r-So c 
(DitOGMRlR^l Ob(Om'^^^(iCj:':>xn^^-^ 
KOh^ :^^^|Ii■^MR>'^-Y h (MRlR^cDxr-^T 'J > 

ycSffliJ(DSgi5?&^^JS*ffflijcD^^rcO:S3 (]ii?) ) 

i^^n-S/ti?), GMR^^^W^-r-Sill 0 5 a. 1 
05b. 105c*-f:f>5 y >yCCcfco"CX*;/5^>>/ 

ffiS>-jtc. ^(Dtcisb. m2 2(iCfjkl^tcJ^^l,C^ m^20 
-4 Onm(OC:<»C*^l<D->-;VF=^^i' 1 0 4 

a:<>^fi^^^t:fr^{kUirc^5x •;,^>^$n/cf3 or. 

0 1 (DZy-Ji' F^> 2/ r?-)® 1 0 4 a CCTM*^^ < C tf)^^ 

[0 02 3] Ccr)J:^^||l©t^-;UF^+ y':fmi 0 
4 a tCT'vlJ&^paCi/cttSS'r. m2 3 (^CffkOfcJ: "^tfcmmm 

1 0 e^j^^-rsi. TgP->-^l' F® 1 0 3 i^m® 1 
0 6 <b;&5m^^^c5Si^L/r ^« CCD<fc^tc. TSPi^ 

->»i' Fni 0 3 i^mji 1 0 6 ^f)mm^^cm&T^ 

GMRIR^I 0 5{C*f-r^>'-rX*itf»n'r^<J:Ci^ 
[0 024] J|^i§^7 - 2 9 6 3 3 3#^fa4C 

^Wmf)^fjk:$nXi.^^o Ct>^Orj:i^^fb. C(OmSX{t. 
^:f>5 y >ytCci:'5t— >>UF^-t'-^:7-jg(Da«et** 

[0 02 5] S/c. S2 2&C^L/Ccl:^^C. G 

MR^^l 0 5(D^^^->(Dm^^r^—^^-:r. y^:yi/ 

C<b«. «f*CC F^ -vi^iH^MR/N^ hJ&Vh^c^e. F^ 

•;^^i5i^MR>'>^ h^iEm(fcmm'r^ct^nL< 

[0026] :*:j%0^«:^^*:»^fiQS=&cc^^r3^j:$n/cfe 

. mmMim^(Dm^^jEm^cmMx ^ j: ^ u ^ 
awieai^-- :; F<Di^3^:fr^fej:c>TamigCiS*^«gQii 
myyU^mmr c i * e„ 

[002 7] 

[i^jlI^^«?ir^/ca6<7)^S:] :*^BjcD«MMm-^ F 
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[0 02 8] :*:^m<omsLtmnm^^<Dmmyjmi^. 

2(oimmm^. m^t&tmiri3j;:z^mmmtm2<ozy- 
[0 02 9] ^mM(DMmm^^ Y<Dn^-fsmi^fc\x 

fii. m\<o^mm<D±.(icm2(Dmmm^i{^jSu^hTM 
^2<ovmm(o±:iicmmm^'Br&^^3Lmt. 

mK^^. ll2<DjffiiSJl*jJ:CN'*®lO±^|^3C0i»i» 

B^ff^fiS-r-sxfii. m3<omi^m<o±.t,cm2o:>iy-)v 
KM^?g^-rsxMi^^^. m^msm^^j^^mir ^ 

x y ^ > dfmm i ^^t^m i <d k ^ x ^ > ^^m<^> 

hm2(Ox.v^ly!fJLmt^^tsh(D'V^^. 
[0030] 5tc^^CD»K«»-^ ^ K(DS«3S*«*/c« 

'r^x^<D'5^cD^i(Dx^;;^>^xficc<i:-3r. mm. 
an. M2<Dx.y5^>i^x^{cj:or. «^igta«^m 

JgCOx^:;^>>/-r-<#a5:^(7)^^CD^OcDaJ^7&i. Hi 
O F X ^ > J5 ^^®6^x v ^ > ^(DbtmcOi^ 
|f 1^112 CD -Tx ^>^^ffiC^rx ^ ^>i^$n 

cticcj:D. HicDite«^;icDffl^7:)5p^6n. 

[003 1 ] *»HJ<D?l|M?a»-^ K<D$ai^:^a*^c« 
fia^ffiJSJamSIScDMS^ffitcfei^r . M 1 CD K ^ X 
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[003 2] ^tc. ^mMcommmM^ :^ h'<Dnm:^m 

^-T-^ISSJl^D^J&^^J^C^^cD-C^-pr 4>cfcC^o C<Di# 

^SliS:^^*. M^C. m2CDj^,^JlCDff^^t*tC. S3t 
mffiln^-^CDltS5[CD/lCD -5 -^CDXflliO— a$(DJl{C fee ^ 

10 ^^X ';;5^>y-r'SX^<!:. C<Dx .:r^>^^f^tC. x 

3 ti/t® i PI D t*l4<DB <h JS^?ei4® i *ilHtcjf^^-r -5 

[ 0 0 3 3 ] $/c. 2|s:mhjcd»jk?5^-- v i^commy^m 

Mtc. Sr2cDi»aW<D?!^^f*CC. BSmffifiilR^^cD:^!;- 

^JcDa5^^SrX.:;^>i/-r<SX|ii. CCDX':,^>i^^ 
cc. x-y^>ty3n/tgP53^i?S^ffita»^cDi^ffl«:. :7 

y i 1^ D«*4cDJi t mmm^m h ^jmccff^^-r ^x 

[ 0 0 3 4 ] :*^0j<7)?iej!gffltm-^ Y(on^-:fim 
^fc\tm^mKnmmm<j:>^:fsm'x. mcc. 112 cdj^ 
^iicDjf^^f^^. m^msm^o:>±M^vs.^mvfcm2 
cDite^B * -r ^ X ^ ^ ^ ^ -c c ^ r 4> i: c ^ o 

30 [ 0 0 3 5 ] ^/c. ^tc^H^CD^MM^-. KCDSSjg^frffi 
^ /c {imMStn35*:^^i§CD^:^^tC fee i r . H 1 CD^ 
MJl^^^T'SXIgimS CDtei^M^f^fiE-r -SXfiCD^ 

i»«*^^T^xe«. 3 0 0* ci^AToymsxib^m 
40 M+a^gft«:ffltirjteawior(Dr;i'5:^ig!*ff^^L 

[0 03 7] */c. *^^<D»K?»m-^ -^^ KCDS!f3&*S 

^\^(Dmtf^htj:^mim;:zj^m2<Dm&mt. m\<o 
m^m<Dm^m <b m 2 coestt® cDe@gP5> t (om^cwt 

2<DlS8tt®<Dratc. ||l*jJ:2>'H2cDS814MtC*fLri» 

50 ea^^Jft^^^jg^f €>xfM^^^-cc^r4>a:cio 
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CO 03 8] 

•;>^(ciiii:/cC»rH^^L. (b) \^m^^<Dj:^r 

[0 03 9] :*:|liS(^ff^.1gCc{^€>«M]^^ v KCDi^jg 

--^i? (A UOa • T i C) J;0^C'5S«l<DJi&C. 
ittTJV^i- (A 1,0,) J:K>fj:^imLm2^. m5 urn 

*4<fc 0 3tc ^W*^ KfflODTaJt^-^H/ 3 2-^-3 

ia3CO±tC. ^lCDi»)^JSiLr<Dlll(D2^-;l/F^-i- 
';'r^S4a«:. 1 0 --2 0 n mOi^^J^CCJ^^-T 20 

<DLC) ^/c. F=^> 

e^^tS^S (Ji(T. CVDiiH-To ) StCctoTJf^^U 

^X-7CVDffi;&5^C^6*iSo r^l/^ :^Mcfc^3i^cC^t^- 
;^ K^^i^ r7'Jli4 a V D^^C^fcorff^^-T'Si^'^CC 
Wf4<i: Lr«W;^Ci h Ujrf^;l/r;l/5^»^?A (A 1 

[0 04 i];^^c. vy'mA diCDALt^c. n 

X h>'^•^^->2 1 ^VJ^^iUr. GMR^^^It^-r 

[0 042 ] ^XCC. ^ 3 (C^L/c<fc ^ JC, * h us^x 
^/^•^^'->2 1 ^v;^^<i: or. F+> ^ :7'lli4 

aCDiCCfct^r. GMR^-T-BCDi^HtC, TJb^^^^CD 
*feJ»«*4<i: 0 ^® 2 <t or <D|^ 2 F 

•:':7'JS4 b^. ^^i^c^or. m53f 

1 0 0--3 0 0 nmCO/^^tcjg^-r-So -XCC. :7 :t h U 50 
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%y7.Yj^^-^^2\^^)vV:^V'^^, GMR^ 
^5CD±M^ 1 nmflSx^v^>ybr. GMR^^S 
CD±®CC«^mL/cm2<Di^-;U F=*^> -jV'WkAh^^ 

[0 043]S10ti, C<DB$.«^^^C*5l:r^GMR^T-5 

fcJ:o'^2o->'-ju F^> -j^m.Ah^Th't^mmxdb 

[0 044] S4tC^0/c<i:^CC. GMRI^^S 

CD±CC. jFf/cCC. W^^y FCDh^ ':^^'iH^i?te6'2»/cd«> 

5*BTM?f^t^:05TMO:7:r F Ui^X h/>-iS?->2 3 ^ff^fiS 
r. II2CDS^-;1/F^> '^:7*M4 bcD±ic. GMRS^ 

[0 04 5] ;^4C. SBtC^O/c^^iC. v^VX^iyT. 

:/n'fe;:^iCcfc-or. «m;i6®_b^m (Cu) drO^cC-^ 
ja* 5 0 1 0 0 n mCOi^^ccff^JSR-r ^« 
[0 04 6 ] fjiid. S4 (a) :tect:0'S5 (a) tS^m 
il6€:M^»TM^ij^L/rc^'57&^. 06 (a) J^cl^OSQ 
(a) «*Wa6^ae>3^j:C^BfM*7j^Orc^6o 
[0047] S6tC7nO/cJ:^CC. GMR^^ 

5. ll2<D>>->H/F+> •:^7'j®4 b:te,:fcO'»mil6<D_h 
CC- l^3cD^Jl<hLr<D03CD2>'-;l/F=^^-i-^:r:/|B7 
a€:. m^^t2 0-^4 0nm<Dm^(fCBf)^'r^o U-Jl' 

\'^^ :^:fm7 8i(^c^m'r^^m^mtLx\t. tjv^ 

^^k:j:-:>rji^^or4>J:tiO. cvDffitc 
<i:-prff^^or cvDi^iOrt^. M^^miE 

cfci3^^V-Jl/F=!^i- 5':/]S7 a^CVD'^tCcfcorffJ 
^-r-Sif^tc^i, «*4<i:br{i^;?.{* h ';^^;ur;u^ 

^'^A (A 1 (OH.) ,) *ScfcO'H,0^ffll^^o CV 
D;ft*fflCirT.'l/5:^M*JI5^'r€>C«!:tCctt). »< . 

M7 a^^^^-r^Ci:?&ipJgfe<i:3:C'So */c. T ^ :^J® 

cfc03^^e^-;i/ F=*^i' ■::^M7 a^cvD?S«:<fc -orff^ 

^■r€)lt^^CJi, GMR^^S^^^-r-SffiiJtcD/lcD^ 
^^0«itCfiCiJlCD^{t^RSih'r<S/cfi?)CC. 3 0 0" 

T<oiasr c V D ^tf ^ * o 0 

[0 04 8 ] ;XtC. GMR^^5(C^j£;-r^^i|2^I^C> 
r>>-;U F^^^i- u^:7'M7 a<D±ic, r>»U5 :^^cDj^M 
*4<J:f3 3^cC€>m4<Di>-^bF^+ ^; ^'•J®7 b^. 

^ft^Ccfc^r. t?9^{^5 0— 1 5 0 nmCDJl^tCff^ 
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[0 04 9] y^Cc. ->-;l/K=^i' "-^r^JK? a. 7 h<0± 

8a<h|^Ot**4<g:^tir, *m»6<DGMR^^5<!:« 

[0 05 0] J5:*5. Jigp^'-Jl/ KI18 m 1 <DJS8 a 10 

f^ai"r'SII2cDll8 b4cycfcO'll3cD/18 cir^^ 

[ 0 0 5 1 ] s 1 ui, ccDB#i^.cc*jt:r^»t^^^fSK^l: 

)V}rmS<Omi(Dm8 sl^^KUXI^^. 

[0 05 2];>:}C, mi tfC9jkL fc J: ^^c^ ±&^%y-JVV 20 
MScoiSlcDMSaCDJitc. N i F e ^CD^S^141vtf4^ffi 
±SPS^-JUK®8<Dm2<:Djl8 bfectDe^ScDJl 
8c^. d?)-:>#;^(cj:0^^&^ 1 . 5--2. O/imCDil 

Sn-So ll3©B8c«. ±B|5i^-;l/ KJ18CDm 1 

(a) tc4tfc^Tafflij> (o^^co^mti. mmm9^(os.r 

-^r y > 3 0 i «S5*WJ©3Sa5o<aa-c* ^ n - 

[0 05 3] ±a5^>-;l/KJB8(Dm2<7:)/18 b*5j:<>'m 
30JW8 c», N i F e (N i : 8 0Mfi%. F e : 2 

omm%) i^iSfnM^ms«f4T^*^N i f e (n 

i : 4 5fi®%. Fe : 5 5aS%) ^^fflC\ df)o# 
mm,mmMn^i^^ F e N. F e Z r N^<DM*4^ffi 40 

CC^. Kg&fDi^^^J^MI^-C^^C o F e. Co3f^r* 
[0 0 5 4] ;^CC. ±mc, {ftl^Jir^U^ :^cfcOAj:^j» 
[0 05 5 ] ^^CC. y ly-M.^^^'mcj:-^X. m^^^ 

ja8oii3<Dii8 c ^tfi^c^i uriiiDi$n'2>cfc^^cieg 50 
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— lfP?!;^_bSl5i^-Jl/ KJ18COm2Coe8 bOfliJ:^ 
(S7 (a) tCfcl^r^ffliJ) tCieg^tl^. */c. CO 

113 ICCjgM^tlS^m^^ff^^T'So 
[ 0 0 5 6 ] S 1 2 tS. C0)^f^^(fC^li^iX1&^mmt 

LXTn^rw-mimr^^i}. m 1 2cc*jc^r. ^^-^3 2«. 
[oo5 7]<)ctc. m7(tcfskLfcj:'?(,c. ±mc. 

r?r. ±SPi/->»UFI18(Z)||2C0®8 b:fe5cfc2>'^3CDB 

ia^b^sTSo cc^. EI7-CW, ?»jar3>^^n o«K 
[0 05 8] yc^. msttC7jkufcjz':>(fC. sao/cjias 

i^-;l/Fa8 0^2(DM8 b*5j:t>'m3cr)J18 c tmm 

m 1 1 ojicc, mm^m^ 0 ^j: ^iBiii^> v^rmiz 

Vt^litl 5 O--2 0 0 nmOH^Ccfl^^-r-S. IB^ 
cc. r;!/^:^. ^{brjb^ ^»:;a. >";n>K^b1»3^tt 
> (DLC) ^7!?^*6„ ^fc. fSli^=^^> 1 2 

1 2^cvD^ccj:orf^^-r^*&cc«, un^vx 

{tm^ic:^h V^^JVrJiy^:=^^J^ (A I (CH^),)*? 

[0 0 5 9] ;>:^C. e5Sff^^cD/cd?)CC. JbSPi^-^l- FJl 
8 OH 3 on 8 cO_bOgi5^CC^l^r. ififii^i- ♦;/:/Jl 

[0 06 0];Xic. ia9^C7j^03fcj:5cc. MBm^^^v'^' 
mi 2o±cc. ?ffl4«#4j:o>^j:-s_bas««sm 3^. w 
^{^3 iim<Dm^x. ^^o>'^•^->cc^^•r^o ±^ 

eftSni 3«. N i F e (N i : 8 0as%. F e : 2 

omm%) mm^m^^m.ttmx^^N i f e (n 

i : 4 5*S%. Fe : 5 5SS%) OM*4^ffiC\ d?) 
-CabSFeN. F e Z r N^O*f*4^ffiC^ ;^^< *:»:SrCC 

^/c. iiEJ^iS«Ftto?S[#o/ca&. ±a5?8ffiili3 
^l^o;^i(tMi^^*-v^^^o^aH^n<^:^^5Jlscc 

[0 06 1 ] ±gmS@lll 30^i^. xT--^rU>^M 

3 0 fgijccies^^i/cest^as^^i, taii^-^ ^ fo h ^ ^ 
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i^^n^o ctidc^*). ±^mmi 3t±si^t^-jvb' 
[0 06 2] ^xcc. iassBtsJi 1 scomm^^^-^:^ ^ 

^V>'^(.CJ:-:>X. ±a5i^-;U F]18 0^2CDJ18 
3MfRW^C«ijO. 3--0. 6 <xmfiSx^^>i/LT. S 10 
9 (b) CC^L/Ccfc-^J^cCh UAl«igiT'2>o CCDhUA 

<DK*i9 cc J: ^sea h ^ > ^*i<Dt»fti^RS±-r s c i *i 

[0 06 3] ;Xic. ±mc. m^\itr)V^i-J:K>rj:^:t 
--^^-=3- hm 4 5&. Pll^«2 0-3 0 MmCQ/^;5^CC 

[0 064] :^mJM<Dmmu:^i.^X . TSP5>'->>U KIgS 

[0 06 5] */c. _ba5i^--;l/ KH (TSPfiSffi/a) . IB 
[006 8] l:XJMm Ltc^ -5 tc. 2(5:||jSfe<Dff^M^C<^-5> 
W^'-^y)rftt. GMR^^Si. iBH^^WC^f^l-r 

GMR^^5^^^5^r>l:^rfiJ•r'5>ci:^^ielg^n/c. gm 

Rm^T-b^l^-jV h"r^fcii>(0~r&iiy-)V FJa3 fcjrof 
±g|55>-;l/Fll8i. GMRlR^SCcSSBSSn/t^m® 
6i. GMR^T5*5j:0'^^ll6<5:TgPi^->'L' FI13 

GMRlRT5<DilH«:*5Cir|| 1 (Dix-;!/ F^i- >^1S 

4 a tmrnme t(Dm(^cmm:^^fcm2(Dzy-)i f+> 40 

•:;:7'M4b<b. GMR^T-S^cfcO'^miie i_bgPi^- 

)i FI18 ior^cc^Cf 6n/c^3c7)2^-;i/ F=*^-t- yzrm 
7ai. GMR^T5^C^i;&t-^mi^^l^C^rm3(D'> 
-iU F+> vVmi a <h±gi5i^-il' FI18 ch<D^tC^t:f 

^/c. 4^^][itcDff^.^tc*5t:t^|f^-s.';. F«. :^m(Om 

[0 06 7 ] y h^t. m>(^cm^m(^cm^^ti. 
x-T^r v^i/ms 0fflijtc*sL>rsiiCc*tr^-r-5fiS@a5 
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mm (±siJi^-^i/FJi8) *5cfco'±^e@Ji 1 3 T 
^mm(omms^»t±smmm 1 3(7:)ss®a5^<h<z)ra 

[0 06 8] cc-r. 01 3^#Mor. :^mm<Dmm 
cc*j t:f ^ G M R 5 (d^r£(D— -3)1 ^ riJiH^ -r ^ o 

C(D«?j-C«. GMR^T-5«. ^lCDe^-;U F=¥^1' '>:7' 
JS4 a(liJ<tOIIEJcSia5ti/c. m«Ta cfcO^JT'ST* 
JlSd. mtiP tMrictO^^cC^J^SttttJlSa. m 
{^C o J:0Aj:^fi814J15 e. «a|^tiCu<J:0 3^j:-5^Ne8t1* 
jl5b. mi3:Co^0^cC'S?K14®5 f . m«N i F 

eji^fji^w-m m^m) 5 c. m^^Tajco^c 

Wt-^/cfeCC. GMR«^5:&«^-r-2>ia»[OlBCD^ 
J^affilSa. #effia5 b*5j:C/:7 »J-®5 c 

[0 06 9] ycCC. 01 43^cCl^U02O*#MOr. * 

&m^m^'r^^m(iC-D{.^xnL<mM'r^. ife^j. la 
1 4^cc>cia2 o«?3affiSB:^(Dxr-^r y >^cc^ff 

[0 0 7 0 ] 0 1 4«. miCDt^-Jl/F^i' •;^:7'Jia4 a 
(D±(.C. GMR^^5^«fiR-rS«a©jg5 a. 5 b. 
5 c^0^L. ^(D±CC»T®^^t#i>&^T^O>^:t F u>?;^ 
F>'N-5?-*>2 1 ^?f^^L//c:f^<Dt«.^^^Uri^-6o CC 
m^mi^b a(Dm^\itm:^lit 1 0 --2 On m. 0 

5 a. 5 b. 5 c 5*. *^?gcC*5C:f -5»SaSlfSSi«-?-ffllgi 
[0 07 I ] *:|gSfeO?|5,«T'«. ^X6C. m 1 5 CCT^L/fc 

GM R^^ 5 ^i«^-r €>isi^c7:)ia^x ^ > >/-r-<^a5 

^^'CCfcl^r. GMR*^5^«^-r'S««:<3!)Jl<D^^. 

cl: 0 jl;^:^[^<D— as. ^JiL ^^^^ < i ^ :7 y 5 
c^r^, <b^6^X';;^>^^^iJBlSfl«j:c*>^>i5/^^ 
*i *^tr|| 1(D F -7 X y 5^ > iJ^^ffit X v ^ > 

[0 07 2 ] ^lCDx«^^>iJ/X^-r«. GMR^^5 

glUr*5<o cn&CcfcO. miCC>5^-;l/F^-t'-:;r^'ja4 
a«. F^-rx-,^>y&cJ:€>a«*^6:f'2)Ci*^>5: 
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[0 07 3] y^ccc. ^mkommvitt. -y^y- ut^:^ h 
u>^7!»ifflc*e>nSo 10 

[0 0 7 4] Ajrfc, SI 5CC^L/cJ:^CC. H 1 CDx 

CC. >r:t>tr-A2 4(DAW^^4 5" ^-5>C> 

«7 0' <i:L//c-f:t>5 U>^:&tfl^ x.:r^>^aE 
2 2<h. ^lCDx;,5^>d/X^"CX.:r^>i^3n-r6Cgi 

[0 07 5] m20x^^5^>i/XSr«. GMR3R^^5 

^it;?x-r ^«i^c7)ji<D^r ^x y^iy^r^ <Dr^ut^ 20 

[0 07 6] ±i^(Om 1 *JctO'IS2(DX ^>yX!itC 
J:or. GMR^T'5*«^-r€>ffi»C7>a:;&^x.;.^>d/ 

cox y^>y7&j^:/j14x';/^>i/r*-s;rcd^), ^icDi^ 
^/c. GMRIg^5<Dxr-<r y v^MMcD^asjip^iS 

[0 077] ^^tC. m 1 7CC:^b/c<*:'!>CC. :7 * h u*;? 
X h>'>*af->2 1 ^-ej^i^iur. mico->-;i' \'^^ 

'e?ll;?.t* 1 0 0^3 0 0 nm<D/l^tcff^^-r-5o ;X 
CC, h h>'N*dr->2 1 h:^-:7-r^o C 

(D<fc^tC. GMR^T-5(D|gacc||2(D>'-;UK+> ^ 40 

y'm4rhtsmf^^ri^(Dx. mc^ ^2<dxv5^>>/x 

K+>-:':7'M4a*i«^^^t:trc>r^>. M^^^C:r/c 

[0 07 8 ] iC^-C. GMR^^^5CDigiiiC|^2c7:)i^ 
K+> ':/r7*M4 b^^f^^-r^i. 13 1 7 ^Ctt^ L/c J: 
^»fC. »2C0V-;l/ K=t^> •:^:7'M4 b*^GMR^T-5CD 
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mi sL^jBfSrr^t. GMR^^scDXM^c^^r^-r^as 

^^^tC^Jt^r, Sx-^bK^i- •yr?'Jg4b. 7a^^t>ii/c 

[0 07 9] ^c-T. ^xtc. S 1 8 

CC^L/Ccfc-^tC. GMR^^^5<D±M*1 nmliSx-^ 
^>^Ur. GMR*T-5CD±ffltC»^aiL/cm2<Di^ 
K=^> •:,:7'M4 b^^*-r^o cncCcfcO. GMR 
^-?-5<D±4C. fS<i^— i^j:iP-;?^<Z>^3CC>->-Jl^K^> 
:>'IS7 aCD^^JK^-r^Ci^i-C^^), ^<DIS:^. GM 

[0 0 8 0 ] ^X&C. S 1 9Cc^L/cJ:'5Cc, GMR^^ 
5(D_bCC. ff/ctC. K<D h ^ ^?*i^{?i«)^/c 

85a):7:r h Ut^::^ h/N'!>->2 3^JK^-r-5>, ^^tc, :7 
:f h UiPX ^>'^•^->2 3 ^•^XtJ'**: Lr. GMR^^ 
5 COSSfc<OJlCD ^ -^(DJifMCD— SP<DllCC*5C>r . h ^ 

^i|ii^«5E'rsgu^cc*tLri|ii:?^r^^fflrj<D§p^^x y ^ 

[0 08 n^x^c, ±aiCDcfc^ccx .:,^>>/'$n/ca555^ 
iGMR^^scDj^ffltc. X ^^>y3tx;fcia. 

:7 U^HB c ilUDt**4. m«N i F 

;XCC. — ^^CDJl 6 1 CDXtC. ^d;ltiRuRhMn^^Ci 
Jil rMn J:i3i^j:^--*fcoJS?^e^6 2^ff$fi£-r^o 
[0082] COcfc^«:GMR^T5CDJiCD— ^CCN i 

F ejcJQ^-sMe 1 ij^esii/ie 2 t^mm-r^ct 

(tCj:K>. Ifi-->K«. 3^»>'^Vr;^?^ (BOS (Boun 
darvControl Stabilizer) ) ^mi^fc 

mf^tfj:D. 0 1 9CC^U/cJ:0^c, GMR^-^5<DJb 
CC:teC:f'SJa6 1 , 6 2<DX-^-;^i|ii:!&i h-^ i7i|igw^9t 

[0 08 3] ;X^c. JSSSei^e 2 OX^c. M^{iT a 
*^J:C^'Au cfcOJ^c-S^^/ie*. &r\ — wm+nm(om 

^6<OJitcli (Cu) J:K>rj:^m^5 0--l 0 0 nm 

[0 0 8 4] ^XtC, m2 0(,CfriUfcJz':>(tC^ GMR^-?- 
5. m2<Diy-JU\=^^yy'm4hiaJ:l^mmm3<D± 

a^sr. m^iit2o^4 0nmo:>mMcmf&'r^o mem 

BaU/cJ:^tC. m3(Di^-Jl.K^i' ^;:7'M7 at*. CV 
Dm^<k-DXmfSL^tifcr)V^^mtUXi>J:i.^^ CO) 
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(tcmi^^^mmtms 8i<D^it^m±r^fcisbitc^ 300 

[0 085] ycCC. GMR^^StC^ttD-r-SSSiS^r^l* 
[0 086] -ecDt^. ettC^H^L/cXfi^ar. 020 

(fCTjk L /c J: -5 tc , > K t^^mr ^ o 

[0 08 7] fe(±IJiig Lfc J: ^ cc. ^HSfeOff^SS-Cii, lo 

b. 5 c<Dx ;;^>>^-r^#al^<D'5•^^<:DJl^:^r^CD— 
cfc 0 h^mm^r. 5^ > ^<DJ;tmcO:;^€r I ^Ipr 2 <D K ^ -Y x. 
':;5^>^^fflC^<6lir2<DX-:;^>^X^&Ccfc-^'C. GM 
Rm^5^«fiS"r^ai^(r>ll5 a. 5 b. ScCDXy^ 
> y -r ^ * a$»(D ^ 1^ CDSI 0 CDSP^i'^ X ^ > O r . 

GMR^Ts^^^r^o fi^r^-r. *^Si<Dff^s^Cctn 20 
X. mmm e tT^zy-}\^ vm 3 to:>m<Dmw&^mm 

•r€>Ci*5"C#-2», cn60Ci:6:^6. *llifeC0ff^Sl6C 
<J:n«. GMR*^5tcS}K$*i3rc«^^6 iTSPt^- 
;l^F®3 <bCDmm&^5@^^P^±-r^C<t755-C#. GMR 
^•T- 5 iC^r S V ^ XJSrffiJgt-r ^ C i # 
[0 088] ^fc. *SeSSo?K)ISfc:J:ti«. igJilWx v 30 

^>ycDl:b^CDA^l^m2 0x ^> rJ^X^tC J: or . 
|glCDX y^>5/X^l'C^*UfcX';;^>:5/^?gi. ^ 

1 <Dx ^> i/x^rx ^> ^$n-rtc^r?fcJi<h * 

l^^r^co-r, GMR^T-5CD?F^t^^iE?itC*I^'r'5>C 

[0 08 9] Sfc. :^^<DmmffCj;:tiltt. m2<Oiy- 
F=¥^i- :/IB4 b (ommmc. GMR3I^F5<D±®&C 
ti^tHL'/cm2(7)i^-;l/ v >'']^4 b ^^^-r-Sct 40 
-^tCL/cOr. GMR^^5(DJitCJf^^$n^i^M/lCD 

[0 0 9 0 ] ^/c. :*:|e5SOff^^JC;teCir. S^-^L- K=t^' 
t-:^>''M4a. 7 a^CVD^^ffil^rjK^U/ci^^CC 
^Mr?m^^>-^U K=^> ;^:7*Jii4 a. 1 a^mf&V 

GM RIKT- 5 <D±OIMia<7:> ^ ^SP^tCJgfiS 5 tX^H 3 O 50 
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[0 09 1 ] */c. *IU56(Dff^JSccj:ti«. 1^— 7jur 
a, 1 3i^+^m<'r^<itifiuimtfji^. m^^-j Y 

[0092] ^/c. *:SIS60ff^,®K:J:n(*. ftlBn-Yil/ 
10^. Xa5>>— ;U FJISCOI^ 1 <D®8 a<D±-C^o 

|^2CDM8 boiffW&ciEgUs «j®=i>r;n o^s 

[0093] */c. ^mm<om^xu. n^m^ ko f 
y ^m^m^'r^±mm^ i 3oe^gp^*^xn- 

fiaSH) 8<D||2CD®8 b:?&iXCi- F^^S-r 

<rj:^xh. F>'^>^ F^«fJSJ:<. J^— tc^^-r 

[ 0 0 9 4 ] M^c. :^mmmm(fC^mt. »Mr3^;i. 
10^. -bSPi^-JU F®8 0Ol^2<Dll8 bCr)ffliWCC*jCi 

ty-')\^}^ms(om2<Dms boxr-^r u>^3 o t 

<(CSEK:3>r>»H 0<7:>^^iBS'r-2)Ci*sr^'S« c 

[0 09 5] fj:^. ^mMu. ±nmm(Dmm(tcm:&^ 
tiixiK mt*. mm<ommiX{t. iii<DF^>rx^>^ 
:y^tLx^^n^:t>x.v^>^^mi.>. m2(OYy 
'^:L j^:y^aox-(:t>^v>^^m(^>fcf)^. mi<D 

F^>rx-^^>i/<hm2CD F'^^X .;r^>y<Dffl-^'&*D 
CtltCPK6?:CC^o ^lCOF^-fX>;;^> 

^<E:L'-CjSl^^t4-f=l">x.>^>t5/^;&ffiC\ »2CDF^-< 

x.y^>^tox>^^'<v^:c.'j^>^^m^^fcK>. mi 

(DF^-^X y 5^>>/i UrX>^^• •;. ^X •:/^>y^^l\ 
IS2 <D F ^ ^ X ^ > y i OT -f^ :f > ^ y > ^^^C^/c 

[0 09 6] itaHlfetDJF^.^r&a:. eMfgSiST- 

i LX:^ t:>>'^V^:/GMR^^^fflliAl;&5. 

OGMR^^-^, TMR ( F>^>»H^«igiA^^) 

/>'Jl':/G]VIR«^0«^«® 1 3 (fC7jkUfci><D(,cmhrj: 

[0 09 7 ] ^fc. ±imm<onmxi^t. mmmm^ 
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[ 0 0 9 8 ] 0 . m^m^cm^i2:,^m(ommMsm 

[0 09 9] nc*5. c(oj:^ fjimmcommmm'-- k-c 
[0 10 0] fttc. m^m^mmtuxmi^^^m^dc 

[0 1 0 1 ] ^/c. *:^B^tC*5t:f-5»mffila^mSgS 
[0102] 

mmo^^m] J^:^±^H^L/ccfc 0 tcif 3^11 1 rj:i,> u 1 3 

fiX-r-^xt^ccu/co-c. miO)teJtii<D«^^iqj^^c 
ij&i-c^^i^cc, :m2a)i»j»®ccj:or^i<Di^-iU 

to 1 0 3 ] aifc. i9*i8fB*s<o»je«^-.-y }^(om 
[0 10 4] ^/c, m^mQ^jo^^Li I (oi>'rti^^(^cM^ 50 
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n<ommm^^ y \'<Dmm,yjm^fcmmm2 2 rjit^^u 

(OX. mwxmi^mmm^mj&x^. mmmm^ :^^^^^ 

[ 0 1 0 5 ] $/c. n^m 1 2 ietscDajs?^^--- y fo 
* tcittm^m 2 5 f Btg<DiaMffi!ns»^s@cDM 

[^®<Dfflm^j:i^H^] 

[01] *^a^(D-SI*6<D?gSi{c«-5»IB«M'^--; KO 

[13 2] mif>cigt<jim^fm'r^fci^(Dmmmx^ 

[0 3] 0 2tCig§<Xfi^IJ^B^"r€>/ci6(D»T®0-C^ 

[04] 0 3CCi|^<xe^U&HJ-r-5/ces?)(D»rffi0T* 
^. 

[0 5] 04(C^<X^*WBJ-r^fcJ«>CDWrffi0'r* 

[0 6] 0 5tCi^<X^^sJfe0J-r'&/cd?)O»rM0r^> 

-So 

[0 7] me(fcm<xm^^m'r^fcisb(ommmx3b 

[0 8] 07W:JK<X^«:Si^-rS/c«)<DWrffi0-C* 

[09] m8(fcm<jim^wm'r^fcii>(Dmmmx^ 
[010] 03 (fcmit^-r^w-mmx^}^. 

[011] 06«:«fE'r-5^M0-C4j»'So 
[0 1 2 ] 07 Cc>^1;£:T'5^M0-C*'5o 

[013] :^^m<D—mm<Dmfi^(iC:hi^^GMRm^(D 
(om^yJmci6if^—J:m^l^^^^'r^tc^o:>mmmx^ 

So 

[015] 01 4CCJ|^<Xfi^iJfeH^-rS/c«>©Wfffi0^ 
[0 1 6 ] 0 1 5 5CJ^< Xli^|Ji^TSfci&<DBTM0'C 

[017] 01 e(,cm<j:m^tii^mr^tcii>(Dmmmx 
[0 1 8 ] 01 7(>cm<j:m^ii^mr^tc^(ommmx 
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[132 2 ] 02 1 tcM<Xfi^gttB8-r-S/ca&<DWTH0-c 

[S2 4] S2 3{CiK<XfiJS:WB^-r-5/ci«>©»rffiSt?* 
CSl ] 
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[02 6] 02 4cc^fc;-r-5^ffi0r^b-5)o 

[??#Cr)i^BJ] 

l(Ozy-}V ^T^^'M. 4 b -m2(7:)t/-JUK^> 

5 -MRIR^. 6 - z»mJl. 7 a ••m3<DS>-;U 

±SBS^-;b KJl. 1 0-ai]Sn^;l., 1 2 -fBli^i. > 

10 ':fm. I 3-±m&mms 1 4-:t->'>'-:3-hji, 
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